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ABSTRACT 
Backward walking, a closed kinetic chain exercise, has become an increasingly 
popular intervention following lower extremity injuries secondary to suggested increases 
in muscle activity. Despite its use, there is limited research available relative to walking 
at inclines, forwards or backwards above 24 and 15 percent respectively. For this study 
we recorded EMG activity in six muscles while walking forward and backward on a 
treadmill at 0, 25, and 35 percent inclinations. 
In general, our results indicated a greater increase in muscle activity during BW 
than FW. BW at 35 percent inclination elicited the greatest EMG increase within the 
rectus femoris (47%), vastus lateralis (67%), vastus medialis (68%), and semitendinosis 
(48%). BW at 25 percent increased the activity of the biceps femoris by 38%. The 
gastrocnemius showed its greatest increase in activity, 55%, during FW at 25 percent 
inclination. 
We conclude that BW at inclines can be beneficial for lower extremity 
rehabilitation. 
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CHAPTER I 
INTRODUCTION 
Rehabilitation facilities are always trying new approaches for rehabilitation of 
lower extremity injuries. One such approach is to have the patients perform forward 
walking (FW) and backward walking (BW) on a treadmill as part of their rehabilitation 
protocol. 
Problem Statement: While inclined BW is currently being used by therapists and 
trainers, there has been a limited amount of research on BW at inclines greater than 15% 
and FW greater than 24%. 
Purpose: The purpose of this study is to evaluate muscle activity of the lower extremity 
during FW and BW on a treadmill at various inclines of up to 35%. 
Significance: The significance of this study is to help clarify whether or not BW is an 
effective intervention for rehabilitation at inclines beyond what have been previously 
studied. 
Hypotheses: 
1. There will be a change in EMG activity with increasing inclines. 
2. There will be a difference in EMG activity between FW and BW. 
CHAPTER II 
LITERATURE REVIEW 
Treadmill walking is a closed-kinetic chain (CKC) exercise that is an effective, 
safe, and functional way to rehabilitate lower extremity injuries. 1-9 This type of exercise 
is of particular interest to physical therapists and athletic trainers for injury rehabilitation 
as compared to open-kinetic chain (OKC) exercises. Although OKC exercises such as 
resisted knee extension focus specifically on quadriceps strengthening, they unfortunately 
sustain higher patellar tendon and patellofemoral joint stresses.4 Backward walking 
(BW) is fast becoming a common tool for rehabilitation as it has many added benefits 
that forward walking (FW) does not offer. Specific benefits ofBW as compared to FW 
include; greater muscle activity of the vastus medialis (VM) and vastus lateralis (VL), 
less patellofemoral joint compression forces, reduced overall joint stresses, decreased 
patellar tendon tension, and increased proprioception incorporating different strategies in 
coordination and stability. 1-2, 4 
Several researchers have looked at similarities and differences between FW and 
BW. Thorstensson9 reported that the leg not only reverses its direction of movement 
during BW, but it travels in the opposite direction along the same movement path in both 
gait patterns. However, to accomplish this specific reversal of movement, there is a 
switch between the flexors and extensor patterns of activity in relation to the different 
movement phases. 
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Winter and Pluck 10 also agree; they concluded that in order to produce the muscle 
activation patterns involved in FW, temporal cycling of the muscle contractions in BW is 
a simple reversal of muscle activity. Concentric activation in FW becomes eccentric 
activation in BW. The marked changes in the movements of the joints and their 
interactions reflect the different functional demands placed on the system while walking 
backwards. Table 18 reviews the differences in stance and swing phases of gait between 
forward and backward walking. 
Researchers have found the BW gait cycle tends to be shorter than FW.4•9.11 
Thorstensson,9 concluded that one stride cycle decreased by 8-14% when changing from 
forward to backward walking at the same speed. A combination of faster cadence and 
smaller stride lengths result from the eNS's attempt to stabilize balance, which is 
"threatened" during unfamiliar BW.ll 
Differences have also been found in the magnitude ofEMG activity during 
walking. The magnitude of EMG activity over one gait cycle is generally greater in BW 
than in FW. I-8• 11-12 Kramer and Reid 12 state that BW walking's swing phase emphasizes 
the pulling of the leg backward for adequate foot placement in order to avoid offsetting 
the center of gravity. There is less reliance on limb momentum, causing muscles to 
become more active for pulling and stabilizing functions. It is not known, however, if the 
heightened EMG activity would be reduced through further walking practice. 
An added aspect of interest to rehabilitation personnel relates to the adaptations 
involved with an incline. Tokuhiro et al l3 investigated the phasic activity of the 
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Table 1. Backward walking kinematics 
STANCE Forward Gait Backward Gait 
Initial Contact: -made with heel -made with forefoot 
-hip in flexion -hip flexes 
-knee is extended -knee is flexed 
-ankle is in neutral -ankle is dorsiflexed 
Loading Response: -hip held in flexion -hip flexes 
-knee flexes -knee extends 
-ankle plantarflexes -ankle dorsiflexes 
Midstance: -hip to neutral -hip flexes 
-knee in flexion -knee extends 
-ankle slight dorsiflexion -ankle plantarflexes 
Terminal Stance: -hip in hyperextension -hip continued flexion 
-knee in neutral -knee flexes 
-ankle dorsiflexes -ankle plantarflexes 
Pre-swing: -hip flexion to neutral -hip continues flexion 
-knee continues flexion -knee flexion 
-ankle plantarflexion -ankle continues to 
plantarflex 
-stance ends toe off -stance ends heel off 
SWING 
Initial Swing: -hip flexes -hip extends 
-knee flexes -knee flexes 
-ankle dorsiflexes -ankle dorsiflexes then 
plantarflexes to neutral 
Mid-swing: -hip flexes -hip extends 
-knee flexes -knee flexes 
-ankle held in neutral -ankle held in neutral 
Terminal Swing: -hip flexes -hip extends 
-full knee extension -knee extends 
-ankle held in neutral -ankle held in neutral 
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lower extremity muscles during upslope and downslope walking with inclination of slope 
up to 12%. They concluded that when walking on an inclined surface, the EMG activity 
and duration of tibialis anterior (Ta), semitendinosis (St), and gastrocnemius (Gn) activity 
was sustained for longer periods, while the rectus femoris (RF) activity was shorter than 
with level walking. The phasic pattern of the Gn during incline walking was the same as 
in level walking. In downslope walking, the duration of the Gn and RF activity was 
longer than on the level. The findings indicate two key points; (1) the muscles serve to 
stabilize the knee and ankle joint much more in incline walking than in level walking and 
(2) with incline walking, muscles have a key function in elevating or lowering the body 
weight. 
Results from Lange2 indicated that during FW from 0-24 percent incline, the 
average amplitude of the VM increased by 125%, the VL increased 109%, and the BF 
increased 53%. There was no difference in average amplitude in the medial hamstrings. 
Overall, the results showed that increasing the grade provided a controlled means of 
progression of increasing intensity in the knee musculature. 
BW on an incline may serve to enhance the positive effects ofBW on a flat 
surface. Cipriani et all evaluated adaptations in the gait cycle produced by BW on a 
treadmill at 0,5, and 10% incli,nes. EMG analysis revealed significant increases in the 
average activity in order to accommodate to the changing demands of the conditions. 
BW, with the addition of inclination, places additional muscular demands on an 
individual, leading to a more aggressive rehabilitation. 
Finally, BW on an incline also requires greater knee range of motion, which is an 
important goal for many knee rehab programs including those following anterior cruciate 
5 
ligament (ACL) surgery and joint replacement protocols. 1-2,4-6, 8 Following ACL 
surgery, patients often experience decreased knee ROM and atrophy of the quadriceps. 
In recent years, clinicians have begun to use BW as a part of their rehabilitation protocol 
to increase quadriceps muscle activitl-6 and increase knee flexion. 6 It was concluded in 
several unpublished studies4-6,8 involving post-ACL patients, that perfonning backwards 
walking at inclines improved strength in the surrounding knee musculature in a protected 
closed-kinetic chain environment, with minimal amounts of joint and patellar tendon 
stresses. By raising the angle of inclination during BW, greater demands can be placed 
on the targeted tissues, especially the GS, Ta, and RF.4 This serves to facilitate a 
reeducation of kinesthetic awareness following lower extremity trauma along with 
strengthening musculature about the knee in a protected closed chain environment. 
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Subjects 
CHAPTER III 
METHODS 
Ten healthy subjects (4 male, 6 female) ages 21-26 were used in this study (Table 
2). All subjects reported no hip, knee, or ankle pathologies. The subjects volunteered 
and were informed of the purpose of this study and their rights as human subjects. The 
subjects' approval of participation was obtained by completion ofa consent form 
approved by the institutional review board at the University of North Dakota and the Red 
River Valley Sports Medicine Institute. 
Instrumentation 
Electrode placement over the muscles was determined by physical measurements 
and anatomical landmarks (Figure 1). The muscles analyzed included the (1) 
gastrocnemius (GS), (2) rectus femoris (RF), (3) vastus lateralis (VL), (4) vastus medialis 
(VM), (5) biceps femoris (BF) and semitendinosis (St) (Table 3).11-13 A ground electrode 
was applied over the superior medial tibial plateau. The hair over the placement sites was 
clipped if necessary, and the skin was cleansed with alcohol. Two pre-gelled self-
adhesive electrodes were applied two centimeters apart over the muscle, parallel to the 
muscle fibers. The distance between the surface electrode placements attempted to 
minimize volume conduction between muscle groups, increasing the accuracy in 
collection of specific muscular activity. 13 
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Table 2. Subject infonnation. 
Subject# Sex Age Weight Height 
1 F 26 121 5'3" 
2 M 27 165 5'11 " 
3 F 23 135 5'5" 
4 F 23 135 5'8" 
5 M 24 170 6'1 " 
6 F 23 130 5'10" 
7 M 23 165 6' 
8 F 24 132 5'9" 
9 M 24 150 5'10" 
10 F 25 130 5'9" 
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Vastus 
Medialis"' \ " 
SUPERIOR -----
PATELLA 
MED, FEMORA L 
CONDYLE 
" , 
Vastus 
Lateralis /' 
Semitendinosus 
MALLEOLUS 
\ ')SCHIAL 
11I1IT"""fl\ I TUBEROSITY 
I "''Biceps 
Femoris 
LINE 
-l'::f'---,;ff-- Y2 DISTANCE 
OF LEG 
Biceps Femoris - midpoint of a line from the ischial tuberosity to the lateral femoral condyle 
Semitendinosus - midpoint of a line from the ischial tuberosity to the medial femoral condyle 
Rectus Femoris - midpoint of a line from the ASIS to superior pole of patella (minimum of 10 cm above 
the patella) 
Vastus Medialis - along a line 1/5 of the distance from the medial knee joint line to the ASIS 
Vastus Lateralis -along a line v.. the distance from the lateral knee joint line to the ASIS and over the 
belly of the vastus lateral 
Gastrocnemius - over the muscle belly v.. the distance of the leg (fibular head to calcaneous) 
Figure 1. Electrode Placement for Lower Extremity Muscles. 
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Table 3. Origins and insertions. 
MUSCLE ORIGIN INSERTION 
Gastrocnemius Medial & lateral condyles of Achilles tendon to 
femur calcaneal tuberosity 
Rectus femoris Anterior inferior iliac crest Tibial tuberosity 
Vastus lateralis Linea aspera Tibial tuberosity 
Vastus medialis Linea aspera Tibial tuberosity 
Biceps femoris Long head- ischial tuberosity Head of fibula 
Short head- linea aspera 
Semitendinosis Ischial tuberosity Medial proximal tibia 
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Footswitches were used to determine the phase of the gait cycle. Shoes and socks 
were removed from both feet in order to apply the switches, and the subjects remained 
barefoot throughout the study. The switches were placed over the following anatomical 
parts: (1) heel, (2) first metatarsal head, (3) great toe, and (4) fifth metatarsal head. In 
order for the footswitches to remain intact during treadmill ambulation, they were 
secured with tape. 
A Penny & Giles M180 electrogoniometer (Penny & Giles, 2716 Ocean Park 
Blvd., Santa Monica, CA 90405) was placed over the lateral aspect of the right knee joint 
to obtain knee range of motion during ambulation. The electro goniometer was centered 
over the joint axis with the proximal end aligned with the longitudinal axis of the femur 
and the distal end aligned with the longitudinal axis of the fibula. It was secured to the 
skin using Coban and double-sided adhesive tape to avoid migration during data 
collection. Electrogoniometric zero was obtained by having the subject stand stationary 
in an upright and relaxed posture. 
Subjects wore a waist belt containing a pre-amplified Noraxon Telemy08 
telemetry unit (Noraxon USA, 13430 N. Scottsdale Rd., Scottsdale, AZ 85254) and 
PEAK Motus 5.0 (PEAK Performance Technologies, 7388 S. Revere Parkway, 
Englewood,CO 80112) that received information from the EMG electrodes, 
electro goniometer, and footswitches. EMG signals were transmitted to a receiver and 
sent to a computer that presented raw and rectified EMG data, knee range of motion, and 
footswitch activation (Figure 2). 
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A. B. 
c. 
Figure 2. Electrode placement. A, Anterior view. B, Posterior view. C, Lateral view. 
12 
Procedure 
Prior to the experiments, the treadmill was calibrated to 2.4 mph. Each subject's 
age, height, weight, and gender were recorded. The subject was subjectively screened for 
lower extremity surgeries, instabilities, and orthopedic problems before the consent form 
was read and signed. Subjects were instructed on safety precautions regarding treadmill 
walking including the use of support rails, forward and backward ambulation, and the 
application of safety harness belts by the researcher, which were worn during backward 
walking. They were then instructed on proper procedure for getting on and off the 
treadmill. 
The subjects were given a one-minute warm-up trial prior to testing at 0 and 35% 
grades for both forward and backward walking to become familiarized with treadmill use. 
The subjects were instructed to stand still, allowing the computer to establish a baseline 
of activity. Data was then collected in 10-second intervals while walking at 2.4 mph at 0, 
25, and 35 % grades in both directions. The order of inclination and direction were 
randomized prior to the experiment to prevent a learning effect. 
Once data collection was complete, the subjects were again asked to stand still in 
an upright and relaxed posture to allow for a final baseline EMG reading. The electrodes, 
footswitches, and electrogoniometer were removed, concluding the subject's participation 
in the study (Figure 3). 
Data analysis 
Analysis of EMG data was performed using MyoResearch 2.02 software to 
compare forward and backward walking. The ambulation data was quantified by 
13 
A. 
B. 
Figure 3. Treadmill walking at 35 degrees incline. A, Forward. B, Backward. 
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selecting five consecutive phases of gait during forward and backward walking, to which 
the computer calculated the average electrical activity. One gait phase was defined as the 
period from initial contact to initial contact of the same foot. The data was then 
normalized to forward walking at 0% grade, allowing for comparison between trials.14 
The percent change in EMG activity was calculated using the following formula : 
% change = mean activity during trial - mean activity at FW 0 
mean activity at FW 0 
15 
ELECTROMYOGRAPHY 
CHAPTER IV 
RESULTS 
Figure 4 shows the percent change in EMG activity in all muscles tested during the 
various trials when compared to FW at 0% grade. 
Gastrocnemius 
Figure 5 shows that the gastrocnemius was most active during FW at 25% grade 
(55%) followed by FW at 35% grade (40%). BW at 0% grade elicited the least amount of 
activity (-18%). 
Rectus Femoris 
Figure 6 shows that the rectus femoris was most active during BW at 35% grade 
(47%) followed by BW at 25% grade (28%). BW at 0% grade showed no change in EMG 
activity (0%). 
Vastus Lateralis 
Figure 7 shows that the vastus lateralis was most active during BW at 35% grade 
(67%) followed by BW at 25% grade (42%). FW at 25% grade elicited the least percent 
change in activity (9%). 
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Figure 4. EMG activity in the tested muscles during forward (FW) and backward walking (BW). 
60% 55% 
-50% 
Q) 
I: 40% 
"0 40% 
I: 
~ 0 
0 30% 
-ns 
3: 
20% LL 
-
15% E 
0 11% 
-
... 
00 '+- 10% Q) 
C) 
I: 
ns 
.I: 0% () 
-
FW25 BW25 FW35 BW35 I: 
Q) 
-10% C) 
... 
Q) 
Q. 
-20% 
-30% 
Figure 5. EMG activity in the gastrocnemius during the experimental trials. 
50% 47% 
45% 
CI) 
s:::: 40% U 
s:::: 
~ 0 35% 
0 
.... 
ell 
3: 30% ~----------------------------------------------28% ---------------------------------
u.. 
........ E 25% 1.0 0 
"-
.... 21% 21% 
CI) g> 20% 
ell 
J: (.) 15% 
.... 
s:::: 
CI) 
0 10% "-CI) 
a.. 
5% 
0% 
0% 
BWO FW25 BW25 FW35 BW35 
Figure 6. EMG activity in the rectus femoris during the experimental trials. 
80% 
70% r--------------------------------------------------------------------------------------67% ------~ 
Q) 
I: 
0 60% -I: 
~ 0 
0 
- 50% IV 
3: 
LL 42% 
tv E 40% 0 0 I-
..... 
Q) 
C) 
I: 30% IV 
~ 
() 
-I: 20% Q) 
0 15% 
I-
Q) 
a.. 10% 
10% 9% 
0% 
BWO FW25 BW25 FW35 BW35 
Figure 7. EMG activity in the vastus lateralis during the experimental trials. 
Vastus Medialis 
Figure 8 shows that the vastus medialis was most active during BW at 35% grade 
(68%) followed by BW at 25% grade (54%). BW at 0% grade elicited the least percent 
change in activity (10%). 
Biceps Femoris 
Figure 9 shows that the biceps femoris was most active during BW at 25% grade 
(38%) followed by BW at 35% grade (25%). FW at 25% grade elicited the least percent 
change in activity (8%). 
Semitendinosis 
Figure 10 shows that the semitendinosis was most active during BW at 35% grade 
(48%) followed by FW at 35% grade (47%). BW at 0% grade elicited the least percent 
change in activity (10%). 
Gait Cycle 
Figures 11 and 12 show the EMG activity of various muscles over one complete 
gait cycle. The timing of the muscles remains relatively similar during both FW and BW 
gait cycles. 
RANGE OF MOTION 
Table 4 shows the values for knee range of motion during each of the gait cycles. 
The greatest amount of knee flexion occurred during BW at 35% followed by BW at 25% 
grade. The least amount of knee flexion occurred during BW at 0% grade. As shown in 
figures 11 and 12, knee range of motion progressively increased with elevation while BW. 
During FW, however, the greatest amount of knee flexion occurred at 0% grade while 
inclined walking produced more prolonged amounts of knee flexion. 
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Figure 12. Ensemble average of electromyographic, range of motion and footswitch data 
from all subjects during backward walking on the treadmill. 
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Table 4. Knee range of motion values during experimental trials. 
FWO BWO FW25 BW25 FW35 BW35 
Mean 17.45 15.95 22.50 23.22 23.07 24.10 
Minimum 0.09 0.28 2.69 2.88 1.67 1.62 
Maximum 53.78 49.17 48.09 55.80 49.24 56.66 
Range 53.68 48.89 45.40 52.93 47.57 55.04 
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Gastrocnemius 
CHAPTER V 
DISCUSSION 
The GS was most active during FW at 25% grade (55%), followed by FW at 35% 
grade (40%). During FW, the GS is thought to be working eccentrically in stance phase 
to control the progression of the leg over the fixed foot. 18 The EMG activity also 
increased during BW with increasing inclines. We agree with Cipriani et all who suggest 
that the muscle is working eccentrically to accept the body weight during initial contact, 
controlling ankle dorsiflexion. Our results also showed that this increased activity 
continued into loading response, where it peaked then gradually decreased, as it was no 
longer needed to control tibial motion. 
According to Cipriani et all, BW demanded greater ankle range of motion. They 
thought this could be useful for rehabilitation following inversion sprains. During normal 
forward gait, a minimum of 10 degrees ankle dorsiflexion is needed just prior to heel-off 
for a normal contralateral step length. 18 An individual lacking sufficient ankle range of 
motion due to pathology or trauma may benefit from BW to facilitate an additional 3-4 
degrees. I 
BW up an incline not only produced greater ankle joint range into dorsiflexion, it 
also produced increases in eccentric muscle activity. Because of the large 
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force involved, eccentric exercises should be used with caution. Therefore, it would be 
prudent to avoid inclined BW and FW during acute healing of the Achilles tendon. 
Quadriceps 
The quadriceps (RF, VL, VM) showed their highest EMG activity during BW, 
acting as isometric stabilizers from early to midstance followed by a concentric 
propulsive phase through the remaining stance and swing cycles. We agree with Flynn et 
al3 who also found sustained quadriceps activity throughout the gait cycle. During FW, 
however, the quadriceps act primarily as eccentric decelerators during early stance with 
decreasing activity from mid to late stance. 
Adding inclination to BW may further enhance the need for concentric propulsive 
knee extensor activity as it is working through a greater range of motion. Visual 
observation revealed the subjects in a "crouched" position with the knee remaining in a 
flexed position over most of the stance phase. The treadmill inclination demands more 
prolonged knee flexion, which produces a longer moment arm for knee flexion torque 
due to gravity, and demands greater activity of quadriceps to prevent knee buckling at 
initial contact. 
Trainers and physical therapists often choose inclined treadmill walking as a safe 
closed kinetic chain exercise to rehabilitate and enhance quadriceps activity. BW on an 
incline is an effective exercise that increases muscular demands while reducing 
patellofemoral compressive forces during quadriceps contractions. 1-2,4-5 Ground reaction 
forces are absorbed into the forefoot and calf musculature and dissipate less force toward 
the knee, leading to less knee joint stress.5 This is important for the rehabilitation for 
patellofemoral joint dysfunction where the goal is to increase quadriceps strength without 
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aggravating the condition. I However, therapists using inclined BW as a part of a 
rehabilitation protocol should be aware of the marked enhancement of quadriceps muscle 
activity in the transition from FW to BW or level of inclination. 
When comparing BW at 25 to BW at 35 % incline, the RF shows a 19% increase 
in activity. The VL increases 15% between the two grades, while the VM only increases 
14%. This heightened level of activity is not as eminent when comparing FW at 25 to 
FW at 35% grade (Figure 4). The RF showed no change, while the VL and VM only 
increased 6% and 7% respectively. 
ACL protocols often begin BW at 4-6 weeks post-surgery once normal forward 
gait patterns are achieved.2o-21 While patients will benefit from concentric activity of the 
quadriceps, precaution must be taken secondary to the increased risk of an anterior 
drawer effect. This can be minimized by slowly progressing treadmill inclination, 
thereby increasing tension on the healing graft in a controlled manner. In addition, we 
agree with Cipriani et all who reported increased knee ROM during BW, which is also an 
important aspect of knee rehabilitation of the ACL. The increase in knee flexion is 
necessary for adequate toe clearance during swing phase in normal forward gait. 
Eccentric contraction of the quadriceps muscles has been speculated to be the 
cause of quadriceps and patellar tendonitis. I BW is therefore a safe alternative for 
tendonitis rehabilitation as the quadriceps are working concentrically throughout the gait 
cycle. 
Hamstrings 
The activity of the hamstrings is inconsistent during BW and FW. For both the 
BF and St, increasing the incline during FW somewhat produced increased activity. 
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However, in BW, the St activity increased with increasing inclines while the BF activity 
decreased. Our study does not agree with other studies4-6 that found a progressive 
increase in muscle activity during BW at all grades. We feel these differences may be 
due to our using averaged EMG data whereas the other authors utilized peak EMG data. 
During BW, the large increase in EMG activity in both muscles occurred during the 
swing phase as they work concentrically to flex the knee and clear the toe. 
Clinically, the greatest percent change in EMG activity was not a result of 
directional changes, but rather due to changes in the incline of the treadmill. 
Range of motion 
For protection of the ACL, literature suggests exercises should be performed with 
knee angles greater than 30 degrees flexion.2 It has also been suggested that 
patellofemoral pain can be minimized when the quadriceps are strengthened at 0-30 
degrees as patellofemoral counterpressure can increase dramatically with increased knee 
flexion. In our study, we found knee flexion range of motion was greater than 30 degrees 
at all levels of forward and backward treadmill walking. Therefore, if treadmill walking 
is utilized during ACL rehabilitation, one must be aware of the increased risk of 
patellofemoral stress. 
Limitations 
While the study provided valuable insight to graded BW, certain limitations must 
be considered. The data was collected on only 10 healthy subjects, 2 of which the EMG 
readings for both the VL and VM were eliminated, as well as the entire data from one 
subject secondary to a technical error. As a result of the limited number of subjects and 
an uneven gender ratio, no reliable statistical analysis was performed. Therefore, 
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generalization to the overall population must be done with caution. Also, motion analysis 
of the lower extremity joints could not be performed as a result of limited testing space. 
This leaves room for the possibility of error in the interpretation of eccentric versus 
concentric muscle activity. 
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CHAPTER VI 
CONCLUSION 
We have concluded that BW at inclines is an effective intervention for lower 
extremity injuries. In general, BW elicits increased EMG activity as compared to FW, 
with the exception of the GS. Progressive increases in inclination during BW also 
demonstrate an increase in muscle recruitment in all the muscles studied. In addition to 
increases in muscle activity and knee range of motion, BW is a CKC exercise allowing 
for a safe and functional method of rehabilitation. 
EMG and electrogoniometric data shows that BW is applicable to lower extremity 
injury rehabilitation, such as post-ACL repair. Walking backwards at 35 percent incline 
elicited the largest increases in the RF, VL, VM, and St EMG activity. The BF showed 
its greatest activity during BW at 25 percent. These muscles are important to the 
dynamic stability at the knee joint, and BW can therefore be beneficial following ACL 
repair to minimize subsequent muscle atrophy. 
Further research on inclined BW should be performed using a larger subject 
population with equal gender ratios to allow for inferential statistical analysis. In 
addition, subjects with lower extremity injuries such as post-ACL repair, tendonitis, or 
ankle inversion sprains should be considered in future research. We would have 
benefited from the use of motion analysis for two reasons: (1) to record the kinematics at 
the hip and ankle, and (2) to distinguish between concentric, eccentric, and isometric 
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muscle contractions within the lower extremity in relation to the direction and phase of 
the gait cycle. 
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INFORMATION AND CONSENT FORM 
TITLE: An Electromyographic Analysis Study of Forward and Backward Walking 
You are being invited to participate in a study conducted by Jennifer Coauette, Carrie Voeller, 
Elizabeth Frye, Heidi Schwartz and Thomas Mohr from the physical therapy department 
at the University of North Dakota. The purpose of this study is to study muscle activity in 
your lower extremity while you are walking both forwards and backwards at different inclines 
on the treadmill. We will also be measuring the angles of the joints of the upper extremity, lower 
extremity and trunk while you are walking. We hope to describe the muscle activity and the 
different angles that you employ during walking. Only nom1al, healthy subjects will be asked to 
participate in this study. If you have any previous knee surgeries you will not be eligible for this 
study. The benefit to you, as a participant, will be the experience of being involved in a 
scientific study and knowing that you will be contributing to the body of knowledge in exercise 
physiology and physical therapy. 
You will be asked to walk on the treadmill for a total of six (6) trials consisting of the following: 
1) Walking forwards and backwards on the treadmill at 3.4 mph with 0% grade, 2) Walking 
forwards and backwards on the treadmill at 3.4 mph with 25% grade, 3) Walking forwards and 
backwards on the treadmill at 3.4 mph with 35% grade. You will be given a rest period between 
trials. 
The study will take approximately one hour of your time. You will be asked to report to the 
Acceleration Training Department at Altru Hospital in Grand Forks, ND, at an assigned time. 
You will then be asked to change into gym shorts for the experiment. We will first record your 
age, gender, height and weight. During the experiment, we will be recording the amount of 
muscle activity and the angles of your joints that is present when you walk on the treadmill at the 
four different inclines. 
Although the process of physical performance testing always involves some degree of risk, the 
investigators in this study feel that the risk of injury or discomfort is minimal. In order for us to 
record the muscle activity, we will be placing electrodes on your trunk and lower extremity. The 
recording electrodes are attached to the surface of the skin with an adhesive material. These 
devices only record information from your muscles and joints, they do not stimulate the skin. 
After we get the electrodes and markers attached, we will give you a brief training session to 
familiarize you with the treadmill. The amount of exercise you will be asked to perform will be 
moderate. There may be a slight redness following removal of the electrodes, but this will only 
be temporary. 
Your name will not be used in any reports of the results of this study. The computer files, and 
consent forms are kept in the physical therapy department for a period of five (5) years. After 
that time, the electronic media is erased and the paper files are shredded. Any information that is 
obtained in connection with this study and that can be identified with you will remain 
confidential and will be disclosed only with your pem1ission. The data will be identified by a 
number known only by the investigator. The investigator or participant may stop the experiment 
at any time if the participant is experiencing discomfort, pain, fatigue, or any other symptoms 
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that may be detrimental to his/her health. Your decision whether or not to participate will not 
prejudice your future relationship with the Physical Therapy Department or the University of 
North Dakota. If you decide to participate, you are free to discontinue participation at any time 
without prejudice. 
The investigator involved is available to answer any questions you have concerning this study. 
In addition, you are encouraged to ask any questions concerning this study that you may have in 
the future. Questions may be asked by calling Dr. Thomas Mohr at (701) 777-2831. A copy of 
this consent form is available to all participants in the study. 
In the event that this research activity (which will be conducted at Altru Hospital) results in a 
physical injury, medical treatment will be available, including first aid, emergency treatment and 
follow up care as it is to a member of the general public in similar circumstances. Payment for 
any such treatment must be provided by you and your third party payor, if any. 
ALL OF MY QUESTIONS HAVE BEEN ANSWERED AND I AM ENCOURAGED TO 
ASK ANY QUESTIONS THAT I MAY HAVE CONCERNING THIS STUDY IN THE 
FUTURE. MY SIGNATURE INDICATES THAT, HAVING READ THE ABOVE 
INFORMATION, I HAVE DECIDED TO PARTICIPATE IN THE RESEARCH 
PROJECT. 
I have read all of the above and willingly agree to participate in this study explained to me by 
one of the investigators. 
Participant's Signature Date 
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